We consider the effective potential V in the standard model with a single Higgs doublet in the limit that the only mass scale µ present is radiatively generated. Using a technique that has been shown to determine V completely in terms of the renormalization group (RG) functions when using the Coleman-Weinberg (CW) renormalization scheme, we first sum leading-log (LL) contributions to V using the one loop RG functions, associated with five couplings (the top quark Yukawa coupling x, the quartic coupling of the Higgs field y, the SU (3) gauge coupling z, and the SU (2) × U (1) couplings r and s). We then employ the two loop RG functions with the three couplings x, y, z to sum the next-to-leading-log (NLL) contributions to V and then the three to five loop RG functions with one coupling y to sum all the N 2 LL . . . N 4 LL contributions to V . In order to compute these sums, it is necessary to convert those RG functions that have been originally computed explicitly in the minimal subtraction (MS) scheme to their form in the CW scheme. The Higgs mass can then be determined from the effective potential: the LL result is mH = 219 GeV /c 2 decreases to mH = 188 GeV /c 2 at N 2 LL order and mH = 163 GeV /c 2 at N 4 LL order. No reasonable estimate of mH can be made at orders VNLL or V N 3 LL since the method employed gives either negative or imaginary values for the quartic scalar coupling. The fact that we get reasonable values for mH from the LL, N 2 LL and N 4 LL approximations is taken to be an indication that this mechanism for spontaneous symmetry breaking is in fact viable, though one in which there is slow convergence towards the actual value of mH. The mass 163 GeV /c 2 is argued to be an upper bound on mH.
Introduction
The leading-logarithm (LL) contribution to the effective potential V in the standard model in which there is a single scalar field and no mass scale in the classical limit, has been used to estimate the Higgs mass to be m H = 224 GeV /c 2 [1] . Subsequent investigations indicate that contributions beyond LL to V do not destabilize this result [2] . In this paper we propose to significantly improve the methods used in refs. [1, 2] and compute the resulting modification to the estimate of m H . The value of m H obtained using these improvements is much more realistic.
Since these results were obtained, it has been established that when the CW renormalization scheme is used to compute V , all N p LL contributions to V can be computed using the (p + 1) loop RG functions when there is a single scalar field φ without a classical mass term for this scalar in the action [3] .
We first show how these techniques can be used to refine the approach of [1, 2] . In doing so, we overcome several shortcomings of the original calculation. First of all, the RG functions we use are those appropriate to the CW renormalization scheme, not the minimal subtraction (MS) scheme. This conversion from the MS scheme (in which the RG functions were originally computed) to the CW scheme was not carried out in [1, 2] . Next, we show how the N p LL contributions to V can be expressed exactly in terms of the (p + 1) loop CW RG functions. This shows that once the (p + 1) loop CW RG functions are known, we have an exact expression for the (p + 1) loop contributions to V without having to compute any Feynman diagrams and, in addition, we can sum all the N p LL contributions to V coming from all orders in the loop expansion. In [1, 2] these contributions were only given as a power series in the couplings x, z, r and s. Finally, we compute the counter-term that takes into account all log-independent contributions to V beyond the N p LL order in a more consistent way than was done in [1, 2] ; rather than fixing this counter-term by the LL calculation and then using this value at higher order, we determine the value of this counter-term at each order separately thereby taking into account how the value of the coupling y is adjusted. It is the methods of ref. [3] that allow us to fix all log independent contributions to V in terms of the RG functions when using the CW scheme. Our analytic approach supplements numerical techniques for investigating V using the RG equation (see e.g., ref. [45] ).
In the next section we review how N p LL contributions to V can be computed in terms of the RG functions when the CW renormalization scheme is used, first considering the case in which there is a single O(N ) scalar field with only a quartic self coupling and no classical mass term in the Lagrangian. The only mass scale in such a theory is radiatively induced. This is then extended so that the scalar couples to other fields (both vectors and spinors). The details of the solution at N LL are presented in Appendix 1 along with an explanation of how the methodology can be extended to N 2 LL and higher-order. Appendix 2 presents a method of computing terms in the derivative expansion of the one loop effective action.
We have employed the CW renormalization scheme, as in this scheme all logarithmic dependence on the external field comes through a single form of logarithm, ln φ 2 /µ 2 . Having this single logarithm simplifies the ansatz we make for V when there are multiple couplings (see eq. (19) below), making it possible to find V in terms of the CW RG functions. If there are multiple couplings (say x and y) then both ln xφ 2 /µ 2 and ln yφ 2 /µ 2 arise when using the MS renormalization scheme. This complicates the ansatz one has for V , making it no longer feasible to find V in terms of the MS RG functions. Furthermore, one must compute the radiative corrections dependent on φ to the kinetic term (∂ µ φ) 2 in the effective Lagrangian when determining the radiatively generated Higgs mass m H ; this is unknown (and presumably non-trivial) in the MS scheme, whereas in the CW scheme it is defined to be equal to one at the value of φ that minimizes V (see eq. (18) below). For these reasons we use the CW scheme in our analysis.
We also note that the inclusion of a quadratic mass term m 2 φ 2 for the O(4) scalar field in the classical action results in multiple forms of the logarithm occurring in the ansatz for V (see ref. [9] ) and also necessitates consideration of a "cosmological term" (see ref. [44] ). These factors considerably complicate employing the RG equation to find the N p LL contributions to V ; we thus restrict ourselves to the classically conformal case m = 0 as originally suggested in ref. [4] .
We then discuss the conversion of the RG functions from the MS scheme, in which they have been originally computed, to the CW scheme, which is necessary to implement our procedure for computing the N p LL contribution to V . We finally apply these results to the simplest version of the standard model in which there is a single scalar which is an SU (2) doublet and which has no mass at the classical level. The resulting expression for the effective potential at N 4 LL order leads to an estimate of 163 GeV /c 2 for the mass of the Higgs Boson. We regard this as an upper limit on the Higgs mass as lower order calculations lead to estimates that are considerably higher than this. In any case, the proposal [4] that the Higgs mechanism is a consequence of radiative corrections to the effective potential in the conformally invariant classical limit of the standard model is seen to be viable.
We note that the potential V being considered here is the sum of all one particle irreducible (1PI) diagrams with external scalar fields whose momentum vanishes. This 1PI potential has been argued to be distinct from the "effective potential", a quantity shown in ref. [25] to be convex and real. The relationship between the 1PI potential and the effective potential is discussed in refs. [26, 27] and reviewed in refs. [28, 29, 30] . However, resolution of the convexity problem continues to be debated in the literature (see refs. [31, 32, 33] ). The most recent examination of the convexity problem explores the distinctions between the Euclidean and Minkowskian formulations of the effective potential [34] .
Although our work adopts the conventional approach of ascribing physical meaning to the 1PI potential [26, 27, 28, 29] , it is important to note that our Higgs mass predictions in the standard model rely upon only the local properties of the 1PI potential near the minimum as extracted from the RG equation. Since this minimum occurs at non-zero field values, the minimum corresponds to the qualitative non-perturbative form of a spontaneous symmetry breaking effective potential [35] and provides the lower bound on the region where the effective potential and 1PI potential coincide [26, 27, 29] . Therefore our analysis is not in conflict with Ref. [31] , which argues that the 1PI and effective potential must agree near the minimum and advocates the use of RG methods.
Finally we note that non-perturbative approaches are not isolated from the convexity problem. For example, the constraint effective potential [36] in lattice approaches is non-convex at finite volumes [37] , and lattice results are found to agree with the perturbative 1PI potential in appropriate regions of parameter space [38] . Functional flows of the exact renormalization group can be used to calculate an effective average action [39, 40] and convexity constrains the regulators used in various truncation schemes used in these methods [41] .
1 Other alternatives to the effective potential include the Gaussian effective potential [43] which is well-suited to variational techniques.
Summing Logarithms in the Effective Potential
We begin by considering an O(N ) scalar field φ with a classical potential V cl
where λ is the usual scalar coupling constant but y is more useful as it removes explicit factors of π 2 in RG functions. The coupling y is renormalized so that the effective potential V satisfies the CW renormalization condition [4] 
is satisfied. Radiative corrections to the effective potential [4, 5, 6, 28] with this renormalization condition take the form
where L = ln φ 2 µ 2 . In order that there be no net dependence on the renormalization scale parameter µ, V must satisfy
where
and
The RG equation (4) and its solution for V in eq. (3) corresponds to the situation where there is no quadratic term for the scalar field, consistently maintaining the massless nature of the theory. In particular, extension to massive theories is achieved by including a mass term and anomalous mass dimension into the RG equation (4) (see Ref. [44] for an analysis of a single-component massive scalar theory). It is therefore not necessary for us to impose the V ′′ (φ = 0) = 0 renormalization condition used by Coleman & Weinberg [4] to eliminate quadratic divergences. Furthermore, vacuum graphs do not generate divergences that are eliminated by renormalization of the cosmological term [44] . As outlined below, we also do not introduce quadratic counter-terms into the phenomenological analysis of V .
If now the
so that
then eq. (4) is satisfied at order y n+2 provided S n (ξ) satisfies
with the boundary condition S n (0) = T n0 .
Thus V can be determined by solving the coupled equations (9, 10) provided the boundary values T n0 are known. These are fixed by the CW condition of eq. (2); since L = 0 when φ = µ eqs. (2, 8) together imply that
Since g 1 = 0, together (9) and (12) lead to
so that eq. (10) be solved when n = 1
This process can be continued indefinitely; S p (ξ) can be determined in terms of b 2 . . . b p+2 , g 2 . . . g p+1 where these RG function coefficients are those appropriate to the CW scheme. If in addition to y there are other couplings g i (i = 1 . . . N ) (Yukawa, gauge etc.) in the theory then the CW renormalization condition (2) must be supplemented by additional conditions. For example, in massless scalar electrodynamics in which a complex scalar φ is coupled to a U (1) gauge field A µ with coupling e, then the effective action takes the form [4] 
Infinities arise when computing V , Z and H and so in addition to (2) one requires renormalization conditions which we take to be
Application of the RG equation to determine higher order corrections to Z(φ) is discussed in ref. [20] .
Suppose that x and y are the only two couplings. (It is easy to extend our considerations to include more than two.) The expansion of eq. (3) now generalizes to
and V satisfies the RG equation
The RG functions are
The N p LL contribution to V is now given by
The CW condition of eq. (2) now shows that for all n 24yδ n0 = 24p
Furthermore, the RG equation (20) leads to
Together, (27, 28) fix V in terms of the CW RG functions.
We employ a novel way of treating the sums in eq. (24), which involves using the method of characteristics [3] . Beginning with the definition
with x(0) = x, y(0) = y we find that
Eq. (28) is satisfied to order n − 1 in L and n + 1 in the couplings x and y provided
so that by eqs. (29, 32, 33) 
If now
so that if t = 0
then by (29)
and hence by (36) we finally have a closed form expression for V LL .
The detailed computation of V N LL presented in Appendix 1 gives eq. (142)
where by eqs. (27, 33, 116 )
and by eqs. (129-133)
The techniques used to find V N LL in eq. (39) can be extended to obtain V N 2 LL . However, since the three loop RG functions needed for this extension have not been computed for the standard model, we will not pursue this calculation further. We now will discuss how the CW RG functions can be found if the MS RG functions are known.
Finding the Coleman-Weinberg Renormalization Group Functions
The RG functions have been computed using dimensional regularization and minimal subtraction to five loop order in an O(N ) scalar theory [7] and to two loop order in the standard model [8] . We will now examine how from these known results one can find the RG functions in the CW renormalization scheme. First, we quote the MS values of the O(N ) scalar model of eq. (1) to five loop order [7] β(y) = 
We next provide the two loop RG functions in the standard model in which there is a single scalar doublet with no mass term for this field in the classical action. The quartic scalar coupling y appears in eq. (1); the other couplings are the top quark Yukawa coupling
and the SU (2) × U (1) couplings
To two loop order the RG functions in this simplest version of the standard model [8] in the MS renormalization scheme areβ In the case of there being only an O(N ) scalar field φ, we follow the procedure outlined in refs. [3, 21] to convert from the RG functions of eqs. (44, 45) to those appropriate to the CW scheme. In the MS scheme, the computation results in an expansion of V that is similar to that of eq. (3),
where nowL = ln yφ 2 µ 2 . If the RG scaleμ in the MS scheme is rescaled
where µ is the RG scale in the CW scheme, then the form of the expansion of eq. (56) becomes that of eq. (3). Finite renormalizations of the form
may then be required to adjust the coefficientsT n0 in eq. (56) so that the CW RG condition of eq. (2) is satisfied, but this can be done without alteringT nm (m > 0) and hence the terms in V that fix the RG functions are not changed [10] .
With the rescaling of eq. (57) β(y) = µ ∂y ∂µ
and similarly γ(y) =γ(y)/ 1 −β(y)/(2y) .
Eqs. (60, 61) allow one to pass from the MS RG functions of eqs. (44, 45) to the CW RG functions. It is somewhat more complicated to convert the RG functions of eqs. (45) (46) (47) (48) (49) (50) to the CW scheme since more than one type of logarithm arises when V is computed using the MS renormalization scheme. A computation of V in the CW scheme would allow one to infer the CW RG functions, but to obtain in this way the RG functions to order n, one must compute V to order (n + 1) [10] . Since V in the standard model has only been computed to second order [11] one cannot determine the CW RG functions to two loop order from V directly; other contributions to the effective action must be considered.
Suppose the couplings in a theory are g i (with g i = (x, y, z, r, s) in the standard model) and that there is one scalar field φ. When computing V using MS, logarithms of the formL i = ln g i φ 2 /μ 2 arise. At one loop order in MS, only these types of logarithms occur; beyond one loop order other more complicated logarithms arise [11] but do not affect our discussion of how the MS and CW RG functions are related at two loop order. As in refs. [3, 9] we associate a separate renormalization scale κ i with each of these logarithms so that now
A rescaling similar to that of eq. (57)
leads to
Again, µ is the CW mass parameter. We also see that
whereβ gi andγ are the MS RG functions. We now will use eqs. (64, 65) to find the CW RG functions to two loop order in the standard model, restricting ourselves to the limiting case in which only the three dominant couplings g 1 = x, g 2 = y and g 3 = z are considered. If we use Roman numeral subscripts with the RG functions to denote the number of coupling constants present in a perturbative expansion (e.g.,β
x 1II is the term in the expansion of the β function for x in the MS scheme associated with the mass scale κ 1 that has two powers of the coupling), then by eqs. (64-67) we see that
that is at lowest order the RG functions in the CW and MS schemes are the same. It also follows that
Eqs. (72, 73) show that apart from standard RG functions, only the one loop multi-scale RG quantitiesβ gi j II and γ j I are needed to obtain the two loop CW RG functions β gi III and γ II . To findγ j I we note that the one loop scalar self energy in the standard model (with no classical mass term for the scalar and just the couplings x, y and z) only has a contribution coming from the top quark loop. Consequently the term Z(φ)(∂ µ φ) 2 in the effective action only receives a logarithmic contribution of the form ln xφ 2 /μ 2 and so we see thatγ
To obtainβ
we note that at leading log one loop order in the model we are considering [8] , V is given in the MS scheme by 
(which is the same result as is obtained from eq. (60) if x = z = 0) 
(Exact solutions for the one loop characteristic functions x(t), y(t), z(t) appear in [13] .) With these CW RG functions we can compute V N LL using eq. (39) in the model we are considering.
Application to the Standard Model
We now show how the results of the previous two sections can be applied to the standard model in order to estimate the mass of the Higgs Boson. We only consider the case in which there is a single Higgs doublet with no classical mass term.
As was pointed out in [1, 2] , there are three things to consider. First of all, we have the CW renormalization conditions of eqs. (2, 18) . Next there is the stability condition
This means that we identify µ with the vacuum expectation value of φ, that is µ = 2
. Once these two requirements are satisfied, we can compute the Higgs mass by the formula
With the renormalization condition of eq. (18) this just reduces to
If V is expanded in the form
where V N p LL is the N p LL contribution to V , then we begin by estimating V by
The term π 2 K m φ 4 in eq. (92) represents the parts of V coming from those terms in eq. (91) beyond N m LL which can be determined by imposing eq. (2) -the renormalization condition. As is discussed in section two above, V N p LL can be determined in terms of the CW RG functions if they are known to p + 1 loop order. From section two then, V LL can be found using all five couplings (x, y, z, r, s), V N LL can be found using the three couplings (x, y, z) and finally V N 2 LL , V N 3 LL and V N 4 LL can be found using the single coupling y.
The role of K m in eq. (92) is to ensure that the CW renormalization condition of eq. (2) is satisfied. It is a "counter-term"; more explicitly in terms of the quantities p k n introduced in eq. (25) (or the generalization of this expression to accommodate more than two couplings)
Eqs. (12) and (27) on their own only ensure that eq. (2) is satisfied up to a finite order m in the coupling constant expansion; the inclusion of the counter-term ensures that eq. (2) is satisfied to all orders. Once expressions for V LL . . . V N m LL have been given in terms of the appropriate CW RG functions, there are still two unknowns: the counter-term K m and the quartic scalar coupling y. These two are fixed by conditions (2) 
We see by eq. (27) For V N LL we need RG functions in the CW renormalization scheme to two loop order. These are given by eqs. (84 -86) for the limiting case in which the standard model with only the three couplings (x, y, z) is being considered. These are used in conjunction with V N LL in eq. (39) . In this equation, we have
and since by eqs. (40, 84-87)
we also have
For consistency, the derivatives of x(t), y(t), z(t) that arise when computing V 
With one coupling, we have V N p LL = π 2 y p+1 S p (yL)φ 4 for p = 2, 3, 4. It is now possible to implement our program for determining the mass of the Higgs. This requires knowledge of x, z, r and s at the mass scale v. The couplings x, z, r and s are defined in terms of the Yukawa and gauge couplings g t , g 3 , g 2 and g 1 by eqs. (46 -49). These in turn are related to the measured quantities m t (the top quark mass), θ w (the weak angle), M W (the W -Boson mass), α s (the strong structure constant) and α (the fine structure constant), all of which are known at the mass scale set by the Z-Boson. These relations are
where the subscript 0 means that these are evaluated at the mass of the Z-Boson. From the Particle Data Group [14] , at the mass of the Z-Boson (91.1876 GeV /c 2 ), α = 1/128.91, α s = .1176, sin 2 θ w = .23119, M w = 80.398 GeV /c 2 and
. To do this, we use the one loop limit of the RG equations that follow from eqs. (50 -54) as a suitable approximation
Eqs. (106 -108) have solutions [13] 
(109)
Dividing eq. (105) by eq. (106) leads to the homogeneous equation
whose solution is
Using ( H are acceptable. We note that it is not necessary to find explicit results for the integrals and running couplings appearing in eqs. (94, 95, 97). The derivatives of these expressions at φ = v that are needed to evaluate the Higgs mass are determined completely in terms of the RG functions and boundary values at φ = v. Thus our methodology can be applied to very complicated models and is an important tool in its own right.
We present, in Table 1 , the values of K m , λ = π 2 y, m H for m = 0, 1, 2, 3, 4 when (x, y, z, r, s) contribute at LL order, (x, y, z) contribute at N LL order and only y contributes beyond that. (The units for m H are GeV /c 2 .) It is important to emphasize that the values for K m listed in Table 1 arise because of the functional dependence of K m on the coupling y; first K m is expressed in terms of y by using eq. (2) No entry occurs for m = 1 or m = 3 as the values of y that follow from V 1 and V 3 are negative and unacceptable. This appears to be due to the large negative contribution to S 1 and S 3 coming from terms of order respectively.
The second derivative of the order m estimate for the effective potential, normalized to the scale v 2 ,
can be viewed as a function of the scalar field coupling λ once the counter-term K m has been expressed in terms of λ. In Figure 1 we present curves for the dimensionless quantity M m (m = 0, 2, 4) for positive values of λ while M m is positive. The crosses on the curves correspond to the values of λ and m H found by our approach and listed in Table  1 for m = (0, 2, 4). Table 1 and Figure 1 suggest a tendency for both λ and m H to decrease with increasing order m.
We can gain further insight on this trend in the O(4) scalar theory by extracting the counter-term from the second derivative, normalized to the scale
For the pure scalar field theory case the resulting dimensionless expressions are shown as a function of λ in Figure  2 . One can see the distinction between even and odd orders in the Figure, and one can also see evidence of slow convergence towards a result which would lie between the even and odd envelopes of the curves. BecauseM n represents the field-theoretical (i.e., counter-term-independent) contributions to the Higgs mass, it is evident that even orders provide an upper bound on m H and odd orders provide a lower bound on m H . Although the lower bound is trivial (i.e., m H = 0), this does not obviate the interpretation of m H at odd orders as an upper bound. 
Discussion
In this paper we have presented a systematic way of using the RG equation to sum all of the logarithms contributing to V at order N p LL in terms of the (p + 1) order RG functions, provided we use the CW renormalization scheme and have only one form of logarithm (here L = log φ 2 /µ 2 ) contributing to V . We have applied our method of analysis to the conformal limit of the standard model with a single scalar field, as was originally envisaged by Coleman and Weinberg [4] . This has led to a surprisingly interesting sequence of estimates for the Higgs mass and the quartic scalar couplings.
It was not anticipated that the improvements to the approach, originally used in [1, 2] , introduced in this paper and [3] would lead to a sequence of decreasing estimates for the Higgs mass as listed in Table 1 above. The values of these estimates suggest that increasing the order m to 6 and beyond (if that were feasible) would lead to Higgs mass estimates closer to the generally expected range of possible values. A compilation of predictions of the Higgs mass in different scenarios is given in ref. [18] , and a discussion on its limits is given in ref. [15] . In our approach we have made use of all known RG functions relevant to any part of the standard model. To make further progress using this approach will require knowledge of RG functions at a higher loop order than is currently available.
Even though we have not come up with a definitive prediction of the Higgs mass within the standard model, we feel that our results establish the viability of the Coleman-Weinberg mechanism to generate spontaneous symmetry breaking and to provide a mass for the Higgs scalar particle. We have done this by the use of the RG-improved effective potential. We propose that the masses generated in Section 4 above be viewed as a decreasing sequence of upper bounds on the actual Higgs mass in the standard model. A significant insight into the standard model effective potential can be gained by applying our method of analysis to a simplified pure O(4) scalar field theory obtained from the standard model by setting all couplings except λ = π 2 y to zero. We present in Table 2 the results for K m , λ and m H in this simplified model using exactly the same steps as were used to derive the results in Table 1 Table 2 : Calculated results for the O(4) scalar theory to three significant digits.
The similarity between the results of Tables 1 and 2 indicates that y is the dominant coupling in these considerations, much more than x, z, r or s. We note the vanishing values for K m , λ and m H in Table 2 for m = 1, 3. For this simplified model our method yields the acceptable but trivial solution λ = 0 for all values of m. In Table 2 we only include the non-trivial solutions for m = 0, 2, 4. For these non-trivial solutions we can plot V m as a function of φ for values of φ near the VeV scale v, something which cannot be easily done in the standard model. This plot is provided in Figure 3 .
Remarkably, the plots of V 0 , V 2 and V 4 have the well known shape of a spontaneous symmetry breaking potential when restricted to φ values near the location of the minimum. These potentials also have a singularity at φ = ±v exp π 2 /6λ ( i.e. when w = 0 ). This is significantly far from the region near the minimum. In addition to the positive and zero λ-solutions in the pure O(4) scalar field model referred to above, there are negative λ-solutions. We have heretofore rejected negative λ-solutions as unacceptable. In contrast to the standard model, in the O(4) model we can plot V m as a function of φ with these negative values of λ. We show the shape of V m (φ) for the appropriate negative λ-values for m = 0, 2, 4 in Figure 4 and for m = 1, 3 in Figure 5 .
For the even m cases (m = 0, 2, 4) we note the existence of a tightly bound minimum at φ = 0, singularities at |φ| < v (since λ < 0) and local minima at φ = ±v. On the other hand, for the odd m cases (m = 1, 3) we note the existence of a highly unstable maximum at φ = 0, singularities at |φ| < v (since λ < 0) and local minima at φ = ±v. The occurrence of a singularity at w = 0 in V m may be considered pathological but away from the singular points the form of V m is interesting. Whether this feature has a role to play in the standard model is an open question Table 2 .
. 92) to get reasonable values for these parameters at any value of m. In fact, by having introduced the counter-term, we are availing ourselves of information about terms, independent of L = log φ 2 µ 2 , beyond the N p LL contribution to V . We have been unable to establish any other viable alternative to the counter-term approach.
Whereas in this paper we have used the CW renormalization scheme, preliminary investigations indicate that it may be possible to adapt our approach to incorporate the MS renormalization scheme, at least in the single coupling O(4) scalar model. Using the MS renormalization scheme to compute the LL and N LL contributions to V when there is only the coupling y, realistic values of m 92) is included and the condition of eq. (2) is applied. Strictly speaking, eq. (2) is not part of the MS renormalization scheme, though it might possibly be used to fix the physical value of y in the MS scheme in a way analogous to using the gap equation to fix a physical mass.
We hope to develop this formalism in several other ways. First, inclusion of a mass term −m 2 φ 2 into the classical action should be considered [22] . Next, the inclusion of more scalars beyond an SU (2) doublet should be dealt with, as additional scalars are necessary [19] in any supersymmetric extension of the standard model. A further problem to be addressed concerns working with summing logarithmic contributions to V in the standard model using MS RG functions rather than converting them to the CW scheme, even though this would entail having a separate logarithm for each coupling (see eq. (62)) and not being able to fix the terms p 0 p+1 in eq. (24) by using some analogue of eq. (27) . We would also like to see if the RG methods that have been developed could be employed in the consideration of other physical processes [23] , or the contributions to the effective action arising due to an external magnetic field [24] . (139) If we now employ Taylor's theorem with eq. (139), it follows that
and so by eq. (36)
or, more explicitly
then upon applying the Schwinger expansion [17] tr e −i(H0+H1)t = tr e −iH0t + (−it)H 1 e −iH0t + 1 2 (−it) 
